Atopic dermatitis (AD) is one of the most common skin diseases in childhood, and the management of AD is a continuous challenge to the general practitioner as well as to the dermatologist (1) . Colonization of the eczematous lesions with Staphylococcus aureus is common, and the bacterium is known to exacerbate and maintain skin inflammation by secretion of super-antigens (2, 3) .
In clinically infected AD, topical treatment combining an antibiotic and a corticosteroid has been demonstrated to be superior to treatment with corticosteroids alone (4, 5) . Hjorth et al. (6) and Ramsay et al. (7) have studied the combination of the antibiotic fusidic acid and the corticosteroids betamethasone 17-valerate and hydrocortisone acetate, respectively. Both studies clearly demonstrated that combination therapy is more effective than monotherapy. Moreover, several studies have confirmed that the combination of fusidic acid and betamethasone 17-valerate is similarly clinically effective as other combinations of corticosteroids and antibiotics (8) (9) (10) (11) . A simple cream formulation (Fucicort ® , also known as Fucibet ® in some European countries) combining the two drug substances has been used in clinically infected AD for more than a decade.
In the management of AD it is important to offer effective treatments that relieve the dryness of the eczematous skin. The patient's need for emollients may vary with age, skin type, stage and type of eczema, climate and individual preferences. For those with dry skin, a lipid cream may especially be preferable because of its emollient properties, but without the greasiness of ointments. Therefore, a new formulation based on the efficient combination of fusidic acid and betamethasone 17-valerate was developed in a more lipid-rich formulation in order to satisfy the different needs and preferences of the patients.
The aim of the present study was to compare the efficacy and safety of fusidic acid and betamethasone 17-valerate combined in a new lipid formulation (Fucicort ® Lipid cream) to the established formulation (Fucicort ® cream) in patients with clinically infected AD. It is the overall goal that the new lipid cream will offer an alternative treatment option, increasing patient satisfaction, and thus become a valuable alternative in the management of clinically infected AD.
MATERIALS AND METHODS
This was an international, multicentre, prospective, randomized, double-blind, three-arm, parallel-group, active and vehiclecontrolled, comparative phase III study conducted in six European countries and involving 49 centres. The protocol was approved by all relevant health authorities and ethics committees, and all patients gave signed informed consent. The study was conducted to conform to the principles of the Declaration of Helsinki.
Patient selection
Out-patients of either sex, aged 6 years or older, who had a clinical diagnosis of infected AD were enrolled. clinically infected AD was based on a clinical evaluation. The diagnosis of AD was according to the criteria of Hanifin & Rajka (12) . The patients enrolled had a target lesion of at least 4×4 cm with a minimum score of "1" for each of the items scored (see Clinical Assessments). Females of childbearing age had a negative pregnancy test and agreed to use an adequate method of contraception during the study.
Patients were excluded if they had a known or suspected history of allergy to any of the ingredients of the trial medication, had current signs of viral or fungal infection, had skin lesions such as scarring and hyperpigmentation that could confound the assessment, or if they had received systemic immunosuppressives, oral steroids, uVB within the previous 2 weeks, PuVA or antibiotics within the previous 4 weeks, or any other topical therapy (except group I and II corticosteroids, and emollients) within the previous week. Planned exposure to sun, uVA or uVB, current participation in other clinical studies, the use of unregistered drugs within the previous month, suspected risk of protocol non-compliance, pregnancy, and breast-feeding were additional exclusion criteria.
Treatment assignment
Patients were randomized in the ratio 3:3:1 to the following treatment groups: (I) fusidic acid (20 mg/g) and betamethasone 17-valerate (1 mg/g) in the new lipid cream (Fucicort ® Lipid cream, LEO Pharma, Ballerup, Denmark); (II) fusidic acid (20 mg/g) and betamethasone 17-valerate (1 mg/g) in the cream (Fucicort ® cream); and (III) the new lipid cream vehicle (not commercially available). Treatments were assigned according to a pre-planned computer-generated randomization schedule. The study was considered as double-blind even though it was possible to distinguish between the lipid cream and the cream formulation. To prevent identification of the different formulations, the investigational products were packed in identical packaging.
The treatment was applied twice daily to all the eczematous areas, except on the face. If relevant, a group I topical steroid (Mildison ® , Yamanouchi Pharmaceutical Co., München, germany) was allowed for treatment of facial lesions. An emollient cream (Locobase ® , Yamanouchi Pharmaceutical Co.) could be used as needed outside the treatment areas.
Clinical assessments
Patients were assessed at inclusion (visit 1), and again after one (visit 2) and 2 weeks (visit 3) of treatment. In patients who reported treatment-related adverse events, a follow-up contact was arranged 2 weeks later.
At inclusion, a target lesion of at least 4×4 cm was selected. The severity of the following signs: erythema, oedema/papulation, oozing/crusting, and excoriation was assessed on a 4-point scale ranging from "absent" to "severe involvement", and a Total Severity Score (TSS) (maximum score 12) was calculated based on these signs. The TSS of the target lesion was reassessed at visits 2 and 3. In order to reduce inter-personal variability, the same investigator assessed the patient at each visit, if possible.
At visits 2 and 3, both the investigator and the patient recorded the overall treatment efficacy of the whole treatment area (i.e. excluding the face) relative to baseline on a 6-point scale: "worse", "unchanged", "minimal improvement", "moderate improvement", "marked improvement", or "complete clearance". Patients with "marked improvement" or "complete clearance" were defined as responders. Finally, the patients' cosmetic acceptance of the trial medication was recorded at visit 2 using a 4-point scale ranging "unacceptable", "acceptable", "good", and "very good".
Compliance with trial medication was recorded at visits 2 and 3, and the total amount of trial medication applied during the treatment period was determined by assessing the weight of return medication.
Microbiological assessments
A microbiological swab was taken from the target lesion at inclusion and at the end of treatment by rubbing the swab on the surface of the lesion. The swabs were immersed in a transport medium and sent to a central laboratory for investigation (gR Micro, London, uK). The presence of S. aureus and beta-haemolytic streptococci was detected by conventional methods. In vitro susceptibility of the isolates to penicillin, erythromycin, gentamicin and oxacillin (for methicillin) was determined by the standard disc diffusion procedure according to the methods recommended by the Clinical Laboratory Standards Institute (CLSI) (13) . If an intermediate classification was obtained for oxacillin against S. aureus, the oxacillin-salt agar test was performed. As CLSI does not provide criteria for testing susceptibility of beta-haemolytic streptococci to gentamicin, all beta-haemolytic streptococci were reported as resistant to gentamicin.
For fusidic acid, the minimum inhibitory concentration (MIC) of S. aureus and beta-haemolytic streptococci was determined by a microdilution broth method using CLSI methodology (14) . Since there are no CLSI criteria for defining resistance to fusidic acid, the following interpretations were used to define susceptibility to fusidic acid; susceptible: MIC <2 mg/l; intermediate: MIC=2 mg/l; and resistant: MIC ≥4 mg/l.
The bacteriological treatment response was defined as "successful" in patients who at visit 1 had pathogens on the target lesion and had either the baseline pathogen eradicated or no visible target lesion (presumptive eradication) at the end of treatment. Patients in whom pathogens persisted were classified as "failures".
Statistical methods
All randomized patients who gave informed consent constituted the intention-to-treat (ITT) population. The per protocol (PP) population was defined by exclusion of patients from the ITT population who provided no efficacy data following start of treatment, who did not take any trial medication, were known to have taken the wrong trial medication, or who did not fulfil the disease definition criteria as defined by the inclusion criteria. Furthermore, patients' data were completely or partially excluded from the PP analysis set if the trial medication had been inappropriately used, if other medication that could affect the disease had been used, if the interval between visits 1 and 2 was more than 10 days, or if the interval between visits 1 and 3 was more than 21 days. The safety population comprised all patients who had used the trial medication and provided safety data.
As recommended by the ICH E9 guideline (15) , primarily the PP population was used to compare the efficacy of the two active formulations as the study was designed to show non-inferiority of Fucicort ® Lipid cream to Fucicort ® cream. Based on a non-inferiority margin of 10%, a power of 80% and a 2.5% significance level for the one-sided test, 270 patients were required in each active treatment arm assuming no true difference between the formulations and a standard deviation of 40% for the primary response criterion. The ITT population was used to compare the efficacy of the Fucicort ® Lipid cream and the lipid cream vehicle as this part of the study was designed to detect superiority of the active formulation. With 90 patients in the vehicle group, the comparison between active and vehicle would have at least 80% power to detect a difference of 15% at a 5% significance level (two-sided) assuming a common standard deviation of 40%.
In both comparisons, the primary response criterion was the percentage reduction in TSS of the target lesion. The analysis was done by analysis of covariance with treatment group and centre as design variables, and with baseline TSS as covariate. In the event of missing data, the "last observation carried forward"-approach was used. SAS software (16) was used for the statistical analysis. At baseline, the treatment groups were well matched for age, sex, duration of AD, TSS, and severity of the individual signs of AD (Table I) . (Fig. 1) . The estimated difference was 0.23% with 95% confidence interval (95% CI) ranging from -3.83 to 4.30 (test for inferiority; p<0.001). This is well within the predefined 10% noninferiority limit. Thus, the clinical effect of the two products was found to be similar. The same analysis on the ITT population showed similar results (data not shown).
RESuLTS

Demographics and baseline characteristics
Efficacy
According to the investigators' overall assessment of efficacy, 83.5% of the patients in the Fucicort ® Lipid cream group and 84.0% in the Fucicort ® cream group were responders at end of treatment (PP population). The difference between the proportion of responders in the active treatment groups was -0.5% (95% CI -6.8 to 5.8).
The patients' overall assessment of efficacy revealed similar results as 82.1% of the patients in the Fucicort ® Lipid cream group and 84.0% in the Fucicort ® cream group were responders at end of treatment (PP population). The difference between the proportion of responders in the active treatment groups was -2.0% (95% CI -8.4 to 4.5). 
Time (days) Mean TSS change (%)
Cosmetic acceptance
The patients' assessment of the cosmetic acceptance of the trial medications was similar in the two active treatment groups, 86.8% of the patients treated with Fucicort ® Lipid cream considered the product to have good or very good cosmetic acceptance compared with 85.5% of the patients treated with Fucicort ® cream. In the vehicle group, 69.3% of the patients treated with the vehicle rated it as having good or very good cosmetic acceptance.
Bacteriology
S. aureus alone, or together with beta-haemolytic streptococci, was isolated from the lesions of 416 patients (66.1%) at visit 1, whereas beta-haemolytic streptococci were found alone in only 5 patients (0.8%). The susceptibility of the S. aureus isolates to the antibiotic tested is shown in Table II . The resistance to penicillin among the isolates was 77%, and the erythromycin resistance was 20%. The overall susceptibility to fusidic acid was around 90%, but varied from country to country (77.4% in Denmark to 97.1% in Finland). cream group, by 4 patients (1.6%) in the Fucicort ® cream group, and by 12 patients (13.6%) in the vehicle group (Table IV) . Significantly fewer adverse drug reactions were recorded in the lipid cream group compared with the vehicle group (p < 0.001). The most frequently reported adverse drug reactions were pruritus and skin burning sensation, as coded according to the Medical Dictionary for Regulatory Activities. A total of 5 patients ceased treatment due to unacceptable adverse events; 1 given the Fucicort ® Lipid cream (erythema) and 4 given the vehicle (itching/burning, skin pain, and contact dermatitis).
DISCuSSION
This study has demonstrated that short-term treatment with Fucicort ® Lipid cream and Fucicort ® cream are similarly effective in the management of clinically infected AD. A large group of patients was enrolled and the desired number of patients was randomized to the three treatment groups. The study population was representative of out-patients with clinically infected AD. The symptoms of clinical infection were presence of weeping discharge on acute eczematous lesions resulting in an oozing and crusting appearance (17) . The diagnosis of infection was based on the investigator's clinical judgement, whereas the diagnosis of AD was made according to the criteria of Hanifin & Rajka (12) . The treatment groups were comparable in respect of demographic variables and clinical and bacteriological findings. The response criteria employed were appropriate, compliance with trial medication was good, and few patients were lost to follow-up. The mean TSS on entry was 8.3 (range 4-12) indicating that the study population represented a wide clinical spectrum of out-patients with AD.
Both active treatments reduced the TSS by around 83% at the end of treatment. An equally rapid onset of action was observed in both groups during the first week of treatment, as demonstrated by the two-thirds reduction in the TSS. The new lipid cream was significantly more effective than the vehicle. Both the investigators' and the patients' assessment of the overall clinical response confirm the similar efficacy of the two active treatment formulations. In addition, the cosmetic acceptance of both active treatments was equally high. Our clinical results are in accordance with previous studies. Hjorth et al. (6) assessed the clinical efficacy in 81 patients in a double-blind left/right comparison of the combination of the antibiotic fusidic acid and the corticosteroid betamethasone 17-valerate by means of symptoms score, and demonstrated a reduction of 75% for the combination therapy. Furthermore, in 46 patients (out of the 81 evaluated) the investigator judged that therapy was more effective on one side compared with the other, and in 32 of these 46 patients, combination therapy was statistically significantly more effective (6) . Also, in the study by Javier et al. (8), treatment with the fusidic acid/betamethasone cream proved effective in 85% of the cases. Wilkinson et al. (11) found a success rate of 95% in a similar group of patients given the same treatment.
In our study, the bacteriological cure rate was 90% in both active treatment groups compared with 25% in the vehicle group. Our results on bacterial eradication are in agreement with the retrospective analysis of eight clinical studies performed by Menday & Noble (10) , who reported a bacteriological efficacy of 89.6% in 364 patients. In addition, in the study by Hjorth et al. (6) , the bacteriological cure rate was assessed. In 51 patients bacteria were found at the first visit, 44 of them having S. aureus isolated from the lesions. After 7 days of treatment, the number of gram-positive cocci was reduced by 81% by the combination therapy, and by 66% by plain betamethasone treatment.
Although our current understanding of the dysfunctional immune system in AD suggests that antimicrobial treatment should be effective, it has been discussed whether a topical combination of antibiotic and steroid is more efficacious than the steroid alone in treatment of infected dermatoses (18) . For example, in the study by Wachs & Maibach (5) on the therapeutic effect of gentamicin and betamethasone, the clinical and bacteriological results appeared to favour the use of the combination over gentamicin alone, but the data was not statistically significant at all investigated parameters. For fusidic acid, the combination with a steroid has, however, been demonstrated to be beneficial in infected AD (6, 7) .
The safety profiles of fusidic acid and betamethasone 17-valerate are well known (3) . In the present study, lesional or perilesional drug reactions (typically pruritus and skin burning) were reported in about 2% of the patients in the active treatment groups. In contrast, a higher number of patients (14%) in the vehicle group reported similar reactions. This is considered due to the lack of a corticosteroid in the vehicle. This study has confirmed that S. aureus is frequently present in clinically infected AD as it was isolated from 416 (66.1%) out of 629 patients. It is known that S. aureus isolates increase with the severity of the disease (3, 4, 19, 20) . In our study, the incidence was lower than that reported by Abeck & Mempel (3) , but similar to that observed in patients with mild to moderate lesions by Ramsay et al. (7) and Hjorth et al. (6) .
In the S. aureus isolates grown in this study, almost 80% were resistant to penicillin, which is consistent with previous findings (21) . Twenty percent were resistant to erythromycin, similar to that seen in methicillin susceptible strains from out-patients (22, 23) . In our study, only 1% of the isolates were methicillin resistant S. aureus (MRSA), and these were only detected in Belgium. Reports on the percentage of MRSA vary from country to country and amongst the type of patients studied. A recent study in skin and soft tissue infection out-patients in the uSA and in Europe reported of 29.1% MRSA in the uSA, 27.9% in France, 27.4% in Italy, 14.8% in Spain and 4% in germany (22) . In some countries, resistance to fusidic acid in S. aureus has been reported to have increased in recent years (24) (25) (26) . Our observations confirm that resistance exists in some regions of a country such as Denmark (22%), but is rare in other countries such as Finland (3%).
Our study was prospective and enables us to examine the emergence of fusidic acid resistance associated with the use of short-term fusidic acid and betamethasone therapy in clinically infected AD. Selection of S. aureus isolates resistant to fusidic acid was seen in only 2.3% of patients applying Fucicort ® . This was not statistically significantly different from that seen in the vehicle treated group (Table III) . However, selection of resistance was seen in only one patient given the vehicle, and such a comparison has to be viewed carefully. On the other hand, Menday & Noble (10) , who reviewed the bacteriological outcome of fusidic acid and betamethasone treatment of dermatitis, reported a virtually identical outcome. In their study at the end of treatment, fusidic acid resistance was seen in 9 of 327 patients (2.8%) with a fusidic acid susceptible "infection". In patients given a comparator treatment, primarily betamethasone with or without another antibiotic, resistance to fusidic acid "emerged" in 6 of 241 patients (2.5%) (10) . Similarly, Ravenscroft et al. (27) found no evidence to support the hypothesis that short-term treatment of AD with topical fusidic acid and a corticosteroid increased fusidic acid resistant S. aureus during a 2-week treatment period. None of these data indicate a significant causal relationship between the short-term use of topical fusidic acid and increasing resistance. However, long-term use of topical antibiotics, including fusidic acid, may lead to emergence of resistant bacteria (28) .
Poor patient compliance is a potential cause of treatment failure in AD. In addition to efficacy, the vehicle properties of the formulation therefore become an important factor. The choice of formulation will depend on the individual patient preference influenced by the dryness of the skin. Some patients may prefer a conventional cream formulation, while others may prefer a more lipid-rich formulation. In the present study, the cosmetic acceptance of the two cream formulations was found to be equally high, indicating that both the lipid cream and the conventional cream satisfied the patients' needs and preferences. A high cosmetic acceptance is expected to increase patient compliance, thereby contributing to treatment success.
In conclusion, the new Fucicort ® Lipid cream is as effective and well-tolerated as Fucicort ® cream in the short-term treatment of clinically infected AD. The lipid cream formulation is thus a valuable treatment alternative to the established cream and gives both patients and doctors the choice of two similarly effective formulations depending upon the individual preferences and needs for emollient effect on the eczematous skin lesions.
